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HABMrAUHOHHbtX KOCMMHECKMX AfiriAPATOB KOCMMHECKOM HABHFAUHOHHOfi CHCTEMU 



(57) P&pepar. 

M3o6peTeHne othochtch k oonacTM 
HaBMrai^MM, b h3cthocth, KocMHHecKotf. 
TexHunecKUM 3<JxJ>eKTOM vicnonb30BaHnn 
M306peTeHM« ABJIfleTCB noBbiiueHMe 
6biCTpOAe^CTBMB HaBkirai^noHHbix M3MepeHMfl 
npn coxpaHeHnn tomhoctm. TexHiwecKHfi 
pe3ynbTaT flocrnraeTcq tom, mto npw wsMepeHMH 
BOKTopa coctobhhb onpeAenHeMoro o&beKTa c 
ncnonb3oeaHMeM pa&xero oo3B63AI«i HKA 
HaBuraunoHHaw saAana pewaeTCfl Ha ochobo 
pa3Hoc™ nceBAOAanbHocTefl m AoruiepoBCKoro 
CABMra MacTOTbJ Ha BpeMeHHOM nHTepBane, 
3HaHeHne pa3Hocrefl nceBAOAa/ibHOCTeR Ha 
Hana/io MHTepBana $opMkipyeTCfl nyrewi 

OCpeAHeHMR 3HaM8HHfl pa3HOCTefl 

nceBAOAanbHOCTeR, nonyMeHHbix Ha bcgm 
nHTepBane, npnBH3Ka ko BpeMeHM 
ocya;ecTBnHeTCB nyTeiw peiueHHfl 
HaBuraunoHHo-BpeMeHHO^ saaaMn, a Tei<ymne 
3HaMeHHB pa3HOCTe« nceBAOAaribHocTert • 

(|)OpMMpyK)TCfl C VMeTOM ocpeAHeHHoro 



3HaMGHn« Ha Hanaro MHTepBana m MHTerpana 
pasHOCTM AonnepoacKoro CABura MacTOTbi Ha 
3tom MHTepBane. 3 3.n. cfc-nbi, 7 n/i. 
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(54) METHOD OF DETERMINATION OF VECTOR OF STATE OF MOBILE OBJECT WITH THE AID OF 
NAVIGATIONAL SPACECRAFTS OF SPACE NAVIGATION SYSTEM 



(57) Abstract: 

FIELD: space navigation. SUBSTANCE: for 
measurement of vector of state of determined 
object operational constellation of 
navigational spacecrafts is used and 
navigational problem is solved on basis of 
difference of pseud odistances and Doppler 
frequency shift over time interval. Value of 
differences of pseudodistances by start of 
interval is formed by way of averaging of 
values of differences of pseudodistances 
obtained over the whole of interval. Time 
referencing is carried out by solution of 
navigation-time problem. Present values of 
differences of pseudodistances are formed 
with allowance for averaged value for start 
of interval and integral of difference of 
Doppler frequency shift over same interval. 
EFFECT: increased speed of response of 
navigational measurements with keeping of 



accuracy. 4 cl, 7 dwg 
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M3o6p8TeHne othocmtcb k oonacTM 
kocmhm9cko« Haanrai^nn n mojkbt 6biTb 
ncnonb30BaHo Ann onpeAeneHHH Bexropa 

COCTOflHHfl nOABH)KHblX O&b6KT08 npM nOMOU^M 

HaBurauMOHHbix kocmmm6CKmx annaparoB, 
bxoahimmx b CMCTQMy Navstar. 

HaBecTeH cnoco6 HaBurai^nM noABMWHoro 
o&bexra c ncnonb30BaHneM HaBuraunoHHbix 
KOCMMMecKMX annapaTOB (HKA) KOCMMHecKofl 
HaBMrai^MOHHoa cudeMbi (KHC) Navstar, 
cornacHO KOTopoMy Beiaop coctohhmh 
noABH>KHoro oe-bexra onpeAenneTCH 
An4)4)epeHunanbHbiM mgtoaom, npn kotopom Ha 
STanoHHOM nyHKTe, KoopAMHaTbi KOTOporo 
mcxoaho onpefleneHu Ha MecmocTM b 
pe3ynbTare npMBR3KH reoAe3MHecKMMH 
MBTOAaMU, pa3MemaeTCfl annapaxypa 
noTpe6MTerifl (An ,), npM noMou^M kotodoH 
ocyiMecTB/ineTCfl npMeM n o6pa6oTKa CMmanoB, 
BXOAfltMux b KHC, no pasHOCTH KOopAMHaT 
3TSJioHHoro nyHxra, nonyneHHux 

reoAe3MHecKMMM motoabmm m o6pa6oTKOfl 
cumanoB HKA, HaKoaneHHbix e tsmshmg 
HaBkirai^MOHHbix ceaHCOB, o>opMMpyeTCH 
nonpaBKa, nepeAaBaewan Ha noABMWHwfl 
o6i>eKT, tab 3Ta nonpaBKa kicnonbayeTcn npa 
cfcopMHpoBaHMH aeiaopa cocTOflHMq noABMWHoro 
o6-beKTa C0BM8CTH0 c pe3ynbT8TaMM o6pa6oTKn 
Haanrai^noHHbix cumanos HKA. 

npM 3TOM B03MOKHO MCnonb30BaHHO 

cxpopMuposaHHOfl nonpaBKM iok Ann KOppeKijMM 
KoopAMHaT, TaK m Ann KOppeKU^H 
HaBurai^noHHoro napaiueTpa. 

HeAOCTaTKOM M3BecTHoro cnocooa nannaTcn 
HannHne norpewHOCTM b onpeAeneHnn 
KoopflUHaT Ha ypoBHe 4 6 MeTpoB. 

Han6onee 6nn3KMM TexHMHecKMM peoieHneM 
RBnBeTCfl cnocoo" onpeAeneHMfl Beiaopa 
cocTOAHMfl noABMKHoro 06-beKTa npvi noMOL^n 
HKA HKC, BKnKMaiOLijMfl MSiwepeHne c 
npnBfl3Kofl ko BpeMeHM nceBAOAa/ibHocTe^ m 
AonnepoBCKoro CABura nacTOTw no 
HaBnrai4MOHHbiM cumanaM HKA, o6pa3yiomMX 
rpynny HKA b cocTase KHC c mmoiom HKA He 
iwieHee rpex, Ha onpeAenneMOM o6-beKTe m 
3T3/10HH0M nyHKTe, onpeAeneHne 

nceBAOAanbHOCTM ao k-ro HKA Ha momght 
BpewieHU tj KaK cyMMbi nceBAOAanbHOCTH, 
kisiuepeHHoH Ha mombht bpomohm t 0 m 
MHTerpana ot AonnepoBCKoro CABMra MacroTu 
Ha MHTepBans bpomshm ot t 0 AOtj, onpeAeneHne 
Ha 3T3J10HHOM nyHKTe nonpaBKM k 
HaBMrai^nOHHOMy napaMeTpy HKA, nepeAany 
nonvHeHHOfl" nonpaBKM Ha noABMWHbJfl o&beia, 
onpeAeneHne Beiaopa coctoahm* noABuKHoro 
o6"bexra c vhotom onpeAeneHHbrx 3HaneHMfl 
nceBAOAanbHOCTM, MSMepeHHoro AonnepoBCKoro 
CABMra MacTOTbi m nonpaBKM k HaBMraqnoHHOMy 
napaMeTpy HKA. 

HeAOCTaTOK M3BecTHoro cnocooa 
3aKnioMaeTcn b tom, hto Ann onpeAeneHMB 
BSKTopa coctohhmh o&beKTa no AaHHOMy 
cnoco6y h6o6xoammo Hapaoy c cpasofl KOAa 
(nceBAOAanbHOCTbio) MSMepHTb (£a3y Hecymefl, 

HTO npMBOAMT K HBOnpaBAaHHOCTM B 

onpeAeneHMM MecTononoweHHfl, ycTpaHMTb 

KOTOpyiO MOJKHO flMOO (npM ABM^KOHMM 06^6X13) 

HenpepbJBHbiM HaonioAeHMeM 3a HKA oahov) m 
toH we rpynnbi b Te^eHwe Anme/ibHoro 
MHTepaana epeMeHM, nn6o npM Ha6ntoAennM 3a 
pa3HbiMM rpynnaMM HKA, ho b stom cnyMae 
o6-beKT, KoopAMHaTu KOTOporo onpeAennioTCfl, 
AoruxeH 6uTb HenoABMwen. npM stom MHTepsan 
HenpepbiBHoro Ha6ni0AeHH& mojkbt cocTaanHTb 
OTpe30K epeMeHM nopflAxa 45 MMHyr Kdomo 
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Toro, ooecneMeHMe HenpepbiBHoro Ha6nK>AeHM« 
3a OAHOfl m TOfl we rpynnofl HKA mowot 

BCTDBTMTb OnpeAeneHHbie TpyAHOCTM, 

o6ycnoaneHHbie Ha/iMMMeM ecTecTBeHHbix 

nOM8X (BblCCTbl H8 MeCTHOCTM, 3ABHMR H T. A ) 

KpOMe Toro, HanMHMe b cunnane, 
cooTBercTByioiMeM 4>a3e KOAa, cocTaanflfoiAefl 
o6ycnoaneHHofl vxoaom BpeMeHHoft iiJKanbi, a b 
CMrHajie, cooTBeTCTByioii^eM AonnepoacKOMy 
CABMry-cocTaanjiJoineR, cooTBeTCTByioineft 
ckodoctm yxoAa BpOMeHHofl ujKanbi, npMBOAMT k 

CHMJK6HMI0 TOHHOCTM OnpeAeneHMJl BOKTOpa 
COCTOWHMB. 

Hap«fly c nepeHMcneHHbiMM Bbitue 

HBAOCTaTKaMM CHMWOHMO TOHHOCTM npM 

Mcnonb30BaHMM HKA KHC Navstar BbisBaHO 
HannMneM pewMMa orpaHMHeHHoro AOCTyna - 
S/A Selective Availability bb6A6hhoco 

MMHMCTeDCTBOM OOOpOHbl CLUA MCKyCCTBBHHOrO 

3arpy6neHM« HaBMrai^MOHHbix CMrHanoB 
OTKpbiToro AOCTyna. 

TexHMHecKMM 30>o>eKTOM, AOCTuraeMbiM npM 
Mcnonb30BaHMM M3o6peTeHMfl, RBnneTcn 
noBbiujeHMe 6biCTpoAe^CTBMn npM onpeAeneHMM 
Bexropa cocTonHMn noABMWHoro 06-bexra npM 

COXpaHGHHH TOHHOCTM. 

TexHMHecKMft 30>o>eKT AOCTuraeTcn TeM, mto 
b cnoco6e onpeAeneHMM BeKropa cocTonHMn 
noABMWHoro o6"beKTa npM noMomw HKA KHC, 

BKJ1K)MatOlneM M3M6peHMe C npMBRSKOA KO 

BpeMeHM ncesAOAanbHocTeft m AonnepoBCKoro 
CABMra nacTOTbi no HaBMrauMOHHbiM curnanaM 
HKA, o6pa3yK)iAMX rpynny HKA b cocTaBe HKC c 
MMcnoM HKA He MeHee Tpex, Ha onpeAenweMOM 
oe^bexre m 3TanoHHOM nyHKTe onpeAeneHMe 
nceBAOAanbHOCTM ao k-ro HKA Ha momoht 
BpeueHM tj KaK cyMMbi nceBAOAanbHOCTM, 

M3MepeHHO^ Ha MOMeHT BpeMBHM tg M 

MHTerpana ot AonnepoBCKoro cflBura nacTOTbi 
Ha HHTepBane BpeMeHM ot toAO tj, onpeAeneHMe 
Ha 3TanoHHOM nyHKTe nonpaBKM k 
HaBMrai^MOHHOMy napaMeTpy HKA, nepeAany 
nonyneHHofi nonpaBKM Ha noABMXCHbi^ o6-beKT, 
onpeAeneHMe Bexropa coctobhmw noABMWHoro 
o5"beKTa c vmotom onpeAeneHHbix 3HaneHMfl 
nceBAOAanbHOCTM, M3MepeHHoro Aoruiepoacitoro 
CABMra nacTOTbi m nonpaBKM k HaBMrai^noHHOMy 
napaMeTpy, AononHMTenbHO ocyiAecTsnnioT 
cneweHMe 3a HKA, o6pa3yioiAMMM OAHy m Ty me 
rpynny HKA paooMee C03Be3AMe, Ha 3TanoHHOM 
nyHKTe m na noABMjKHOM o6-beKTe, b rpynne HKA 
OAHOBpeMeHHO Ha6nK>AaeMbix Ha steuiohhom 
nyHKTe m noABMWHOM o6-beKTe Bw6npaiOT oamh 

HKA-B6AyiM M ^. 0>OpMMpyiOT D33HOCTM 

nceBAOAaJibHOCTeft ao BeAyiMero HKA m 
Ka>KAoro ms HKA paoonero C03B63AMfl, 
qbopMMpyioT pa3HOCTM AonnepoBCKoro CABMra 
nacTOT no BOAy^eMy HKA m KaxAOMy M3 HKA 
C03Be3AMn, qbopMMpyioT no TeKyujMM sHaneHMAM 
pasHOCTM nceBAOAanbHOCTM c noMOiubio 
AonnepoBCKoro CABMra hbctotw 3HaMeHMfl 
pa3H0CTM ncesAOAanbHOCTefl Ha HananbHuf^ 
mom6ht BpeMeHM, onpeAen«eMu« no HanMMMio 

OAHOrO M TOrO KG C03Be3AMfl Ha 3T8J10HH0M m 

noABMWHOM nyHKTax, ocpeAHn>OT Ha HananbHuH 
MOMeHT npMBeAeHHbie SHaneHMB pa3HOCTeft 
ncesAOAanbHocTefl Ann noABMWHoro nyHKTa, 

$OpMMpyiOT TOKyii^Me 3H3H6HMn B6KT0pa 

cocTOflHMB noABMWHoro nyHKTa Ha ochobb 
ocpeAHeHHbix 3HaneHM» pa3HOCTM 

nee BAOAan b hoct e m MHTerpana ot pasHOCTn 
AonnepoBCKoro CABMra nacTOTbi Ha MHTepBane 
ot HananbHoro mombhtb BpeMeHM ao MOMeHTa 
BpeMeHM, Ha KOTopuA onpeAenpiOTCfl Bexrop 
oocTowHMfl noABMWHoro o6"beKTa, npM 
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M3MeHGHnn paCoMero co3seaAMfl HKA o6mero 
Ann noABM>KHoro m STanoHHoro nymcroB MOMem 

CMBHb! C03B63AMn npWHHMaeTCfl 38 HasajibHbift M 
BHOBb npM nOABMJKHOrO 0&b6KTa C 

yMBTOM M3M6p©HHblX H3BHraiJkl0HHbJX 

napaMBTpOB cfcopMnpyioT ocpeAHeHHoe 
3HaMeHne pasHOCTM nceaAOAanbHOCTefl, 
Mcnonb3yeMoe ripn cpopMnposaHUM Te«ymero 
Beirropa cocTOJiHMfl noflsvixHoro o6"beKTa, npw 

HanMHMM B pa60M8M C038e3AMM Tp6X HKA 

nocneAHee 3HaneHue BbiooTbi, nonyneHHoe Ha 
noABH>KHOM 06^6X16 nyTeM peiueHHfi 
HaBMraqMOHHofl 3aAaHn. 3anoMHHaeTCfl n 
Hcnojib3yeTCR npM peweHwn HaBnrai4kioHHofl 
saAann cosMecTHO c TeKyujHMH 3HaHeHHHMH 
napaMeTpoB, cJxDpMupyeMbix Ha ochob6 
HaBuraunoHHbix ki3MepeHM&, unii ncnonb3yeTCH 

npn OTCyTCTBMM B pa60H6M C03B63AMM 

MeTBepToro HKA SHaneHiie bucotu, 
nonynaeMoro ot BHewHero ncTOMHuica 
MHcfcopMaijHH, npu noflBJieHMn b paooneM 
C03B63AMH MeTBepToro HKA nonyseHHufl Ha 
npeAbiAymeM MHTepBajie BeKTop cocTOHHMfl 

nOABM)KHOrO 06"b6KTa yT0MHfl6TCfl C yM6T0M 

peiueHkm HaBMraijuoHHofl saAaMM Ha ocHoae 

HH($)OpMaUMM nO MSTbipeM, K3K MUHUMyM HKA 

paoonero co3Be3Ana, npMBH3Ka ko BpeMeHM 
HaBnraL\noHHbix napaMeTpoB, no/iyneHHbJx 
nyTeM npneivia or o6pa6oTKM HaBuraunoHHbix 
curHanoB HKA, ocymecTB/ifieTCfl nyTeM 
peujeHMfl HaBMrauHOHHO-BpeMeHHOM saAaMw. 

Cnooo6 ocyiAecTBJifleTCfl cneAyioiAMM 
o6paaoM. 

ripki ncnonb30BaHnn HaBurai^noHHO^ 
annapaTypbi noTpe6nTenfl (JwpMbi Trimble Navig 
Ltd bo3mo)kho nonyneHHe b cnenkiajibHOM 
pe>KMMe pa6oTbi pesyjibTaTos M3MepeHMfl 
nceBAOAanbHOCTe^ n AoanepoecKoro cflBura 
nacTOTbi Hecymea cumana Ha nacTOTe 1 575,42 
Mri^ no sceM HKA, curHanw KOTopbix 
conpOBOJKAanvicb npneMHbJM ycTpoftCTBOM Ha 

TeKyiHHM MOMeHT BpeMGHM. 

B CTaHAapTHOM pe>KMM8 paobTbi 
LuecTMKaHanbHafl HAI1 yica3aHHbix Bbiiue 

MOAene^ OAHOBpGMeHHO UMeeT BO3M0)KHOCTb 

conpoBO)KAaTb cumanbi 6 HKA m mowot 
nepnoAHMecKM nnn b pe>KHMe 
MynbTunneKCMpoBaHMfl cneAHTb 3a 8 HKA, 

HaxOAHlH^MklCfl 8 30H6 paAMOBMAHMOCTM 66 

aHT6HHoro ycTpoflCTBa. 3to no3BO/uieT 
cyu^ecTBeHHO ynpocTmb peann3ai4UK) yonoBun 

HA6HTMMHOCTM HKA B paOOHMX C03B63AHAX A™ 

3Ta/iOHHoro nyHiaa \a noABkUKHoro o6"beiaa, Heft 
BexTop coctohhha onpeAenaeTCfl. TaK, npu 
3anncM Ha 3TanoHHOM nyHKTe HaBurai^MOHHux 
napawieTpoB npaKTkmecKM no BC6M bhammwm 
HKA mojkho rapaHTHpoBaTb, hto MBTbipe wnki Kax 
MMHUMyM Tpn n3 hux eoflAyT 8 cocTaB paoonero 
co3Be3AHH BToporo KOMnneKTa HAD, 
ycTaHoaneHHoro Ha noABVDKHOM o6*b6KTe npu 
paccTOJiHkiM Me>KAy nyHxraMki no KpaflHefl Mepe 

AO 500 KMnOM6TDOB. 

Ha STanoHHOM nyHKTe, T8kwm o6pa30M, 
npoti3BOAMTCfl 3anncb c npviBflSKOfl ko BpOMeHu 
pe3ynbTaTOB nsMepeHMfl nc6BA0AanbH0CT6« n 
AonnepoBCKoro cABkira no MaKCMManbHOMy 
HMcny BHAMMbix HKA. Oahobd6M6HHO npki 
noMOiAM HAI1, ycTaHoaneHHOfl Ha noABkDKHOM 
o6-b6KT6, npon3BOAHTCfl aHanorviMHbj« npoi^ecc 
n3MepeHnfl no cvimaAaM HKA paobMero 

C03B63AMA. Ha nOABVUKHOM o6*b6KTe 

Aono/iHkiTenbHo ocyu^ecTB/ifleTcn 3anoMkiHaHMe 

T8I0K6 C npHBfl3KOfl KO BD6M6HH KOOpAHHaT 

noABM)KHoro o&beKTa, onpeAeneHHbK no 
nony^8HHWM napaMeipaM (nceaAOAanbHOCTflM 
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m AonnepoBCKOMy QftBury MacTOTw). flpw stom m 
Ha GTanoHHOM nyHKTe, h na noABWKHOM o6-be»cTe 
ocyu4ecTBnneTCfl npMBH3Ka ko speMBHn, Koropoe 
onpeAenfleTCR npki peiueHMM 
HaBurauMOHHO-BpeMeHHofi 3aAaHH. 

KoopAMHaTbi STanoHHoro nyHtaa npn stom 

M3B6CTHbl C BbJCOKOfl • TOMHOCTbK). OHH 

onp6Aen*ioTCfl 3apaHee, HanpHMep, npn 
noMOinw reoAe3MHecKO& npnan3KM. 

BwHucneHHe nono)KeHMJi noABMKHoro 
o&beiaa npn 3tom npon3BOAMTcw c 
ncnonb30BaHneM cneAywinux BbtpajKeHufi: 



H <t. > = X <t. > - 5x<t ) 
n x n x i 



Sx<t A > = Y 

TA6 /v 

X <t. > 



<I> 



<t >*6DR<t > <2> 
n 1 i 

OL^eHKa cKoppetcrnpoBaHHoro 



BBKTopa nono>KeHHfl noABVDKHoro oe-beiaa Ha 

MOMBHT BpeMSHH % 

x <t > BeiC7 "°P nojl o)KeHiifl noABMXHoro 

n i 

o&beKTa, nonyMeHHwfl Ha momcht BpeMeHM tj b 
pesynbTaTe peaieHvifl HaBuraL^MOHHo^ 3aAaMM b 
HAn, ycTaHOBneHHo« Ha noABVOKHOM o6"beKTe; 



Sxct^) 



B6KT0p A^cpcpepeHL^nanbHo^ 



KoppeKi^HM KoopAnnaT noABH)KHoro o6*beKTa; 

Hn(tj) rpaAueHTHan MaTpni^a, 
paccMHTbiBaeMan c yneTOM onpeAeneHHbix 
KoopAHHaT noABVDKHoro o6"bexTa; 

5— (t , BeKTop AM^epeHunartbHoH 

KoppeKi^MM pa3H0CTn nceBAOAanbHocTe«, 

M3M6peHHblX H8 nOABMJKHOM 06-beKT6. 

Pa3HOCTM nceBAOAanbHOCTekl n Ha 
STa/iOHHOM nyHKTe, m Ha noABH)KHOM o6"beKTe 
cpopMnpytoTcn cneAyK>LAkiM o6pa30M: oahh ms 
cnyTHMKOB paoonero co3B63AMfl Bbi6vipaeTCfl 

BeAytUUM OOblMHO 3TO CaMblPI "BblCOKH^" M30 

Bcex BHAMMbix HKA n n3MepeHua no 3TOMy 
cnyTHkixy BbiHMTatOTcn H3 n3MepeHn« no 
ocranbHbiM cnyTHMKaM co3B93ahr. 

BeKTop A^cpc^epeHLinanbHO^ KoppeKunw 
onpeAenweTCfl b cootb6tctbmh co cneAyioiunMM 
BbipajKeHMflMn: 



6dr <t > = <PH <l )-» <t >>-<PR ci >- 

K I K 1 K i Oi 



R (t,> = / Ax Z ct >*Av 2 <t )*A2 Z <i ) <4> 



AX K (ti) = X K (t j )-X p 
AZ K (t j ) = Z K (l i ).Zp 

TA6 



PR <t PR Ct > 

Hi O i 



p63ynbTaTbi 



ki3MepeHMfl nceBAOAanbHOCTM no cumanaM k-ro 
m BdAyiAero (0) HKA oootb6tctb6hho, 
nonyMeHHbie Ha dTanoHHOM nyHiae ki 
noABHxcHOM o6betae, 

* a pe3ynbT8Tbi no 

R <t >, R <t > 

Hi O I 

AaribHOCTM ao k-ro m B6AyiAero (0) HKA 

COOT86TCTB8HHO, nOJiyMeHHbie Ha HOABHXHOM 

o6-b6KTe npw noMoiAM BUMncnMTenn, BXOAflmero 



o 

CO 



3 



ro 
o 

o 

o> 
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a cocTaB HAn, ycTaHosneHHofl Ha noABn>KHOM 
o6-beKTe, 

Xfc, Y k , Zk KoopAMHaTbi k-ro HKA a 

reOLJGHTpMHeCKOM CMCT8M9 KOOpAMHaT, 

X p , Y p , Zp KoopAMHaTN noABMXHoro 06-bexTa 
nnn sTanoHHoro nyHxra b reoMeHTpvmecKofl 
CMcreMe KoopA«HaT. 

BbjpaxeHMfl Ann rpaAMeHTHoB MaTpuqbi npn 
3tom hocat cneflywimift bma: 

H K .i=AX lc (R ir AX 0 )R 0 

H K .2 = AY K (R K -AY 0 )R 0 

Hk.3 = AZ^R^AZoJRo 

HcnojibaosaHne b KanecTBe HaBnraunoHHbix 
napaMeTpoB, no KOTOpbiM peiuaeTCfl 
HaBuraL^MOHHaa aa^ana no onpeAeneHWO 
BeKTopa coctohhhh noABHKHoro oS^betaa, 
pa3HOCTe« nceBAOAanbHOCTefl nosBO/ifieT 
ynpocTMTb BbJMMcneHne o6paTHofl rpaAneHTHon 
MaTpMUbi, a TaioKe CKOMneHCMpoBaTb B/iM^Hne 
paankiMHbix Benmm yxoAOB BpeiweHHofl LUKonbi 
HAn Ha 3Ta/ioHHOM nyHiae h noABMWHOM 
06-beiae. 

KaK m b cnyMae MOTOAa KoppeiojMi 

KOOpAMHaT, B ABHHOM CTiyHae M0)K6T 6blTb 

npoB6ABHa cTaTMCTMMecKan o6pa6oTKa 
peayribTaTOB yTOHHeHHoro nonoweHHH 
noABkixcHoro o&beKTa, ABkixcytuerocn no 
npnBH3biBaeM0My MapmpyTy. 

Rxft). Ro(ti) pacneTHbie AafibHoc™ ao k-ro n 
BeAyiMero HKA, nonyneHHbie Ha aTajiOHHOM 
nyHiae. 

flpn MOAsnnpoBaHnn cnocooa Ann 
AonoJiHmejibHoro cmaxMBaHun pesynbTaToa 
Anc$xfcepeHi4wa/ibHofl KoppeKHMH 6binn 
npeAnpMHWTbi nonbiTKn ncnonb30BaTb 
npocTetf luum anropnTM cpunbTpauuw, Hanpwwep 

C MCnonb30BaHHeM BeCOBblX K03cjxf)Hl^MeHTOB n 

nMefou^ne bha: 



we 



♦ K(d - A >, 

X -1 K K-l 

oi^eHMBaeMafl Be/inHUHa Ha k-TOM 



ujare crnaxuBaHun; 



ee ol^bhkh Ha k-TOM n 



K-l 



npeAbJAyLUBM niarax; 

K aecoaoM K034>4>MMneHT. 

(IpeABapnTenbHan cpHrtbTpai^a yK33aHHbiM 
anropMTMOM Koppex™py»oiMi4X nonpaBOK 

paSHOCTHO-AanbHOMOpHblX M3MepeHHPi BMAa 

{ sDR(tj)) He AaeT nonowHTe/ibHbix pe3y/ibTaTOB, 
bo3mo)kho M3-3a BpeM6HH0& AeKoppermMMH, 
Bbi3BaHHofl BAMUHneM Selec- tive Availability, 
oco6eHHo npvi MHTepBanax wiewAy n3MepeHMflMM 
oonee 10 ce Ky HA- 

HT06bl MdOlKWHTb npM HHTerpHDOBaHMM 

HaKonneHne owhook, BbiSBaHHbix vxoaom nacos 
HAn, ocymecTsnneTCR cpopMnpoBaHkie 
pa3H0CTM nceBAOAajibHocTefl c yneTOM 
nponHterpupoBaHHofl pasHoc™ naMepeHHbix 
3HaMOHnfl Aon/iepoBCKoro cABHra MacTOTbi 
HecyiAeft. 

flna BbiHuoneHMfl BOKTopa V n ABM)KyiAeflcn 
HAn Hcnonb30Banocb cneAyiomee BbipaxeHne: 

V <t.> = »T 1 <t.)»6DVCt.>, <8> 



rfle - 

v <t > 
n 1 



OI48 HKa CKOppOKTMpOBaHHOrO 



BBKTOpa CKODOCTM HAfl H3 npMBfl3blBaeMOM 

MapiupyTe Ha momsht BpOMBHMj 



Sovct > BeKT0 P AM<M)epeHMnaxibHO« 
1 

KoppeKuuM pa3HocTefl paAvianbHbix 
KBa3MCKopocTefl, M3MepeHHbJx HAn Ha 
5 npMBA3biBaeMOM MapiupyTe, 

BbipaxeHkie Ann BbinncneHUfl Betcropa 
An4x£epeHMnanbHofi Koppetci^Mn pasHocrefl 

KBaSMCKOpOCTeft, H3M6D6HHblX HAn, 

ycTaHoaneHHofl na noABWKHOM 06-beiae, 
npnBH3ica MapiupyTa ABM«eHMfl KOToporo 
10 ocyiAecTB^neTcfl: 



Sv (t > = <<PV <t >-V <t >>-(PV <t >- <8> 

k1 tii k x ei 



40 



60 



K1.2. 3. 



V = <<K - X ><K -X )«<tf -V XV -V )♦ <10> 

K K p K p M p H p 



TA9 



PV <t >, PV ct > 

K 1 O i 



pe3y/ibTaTbi 



ki3MepeHMfl paAnanbHbix KBasucKopocTeR no 
AonnepoBCKMM cMmanaM k-ro m BeAyiMero (0) 
25 HKA, cooTBBTCTBeHHo no/iyH6HHbie Ha onopHOM 
m npn8fl3biBaeMOM nyHKTax; 

V K (tj), V 0 (ti) peay^bTaTbi pacneTa 
paAHanbHofl ckodoctm k-ro m BeAyiMero (0) HKA, 
cooTBeTCTBeHHo nojiyneHHue Ha onopHOM 
3Q nyHKTe; 

a a pe3yjibTaTbi pacneTa 



v a ), v (t ) 
k i o i 



HKA 
na 



cKopocTM k-ro h BeAyiMero (0) 
cooTBeTCTBeHHo, no/iyMeHHbie 
3S npviB»3biBaeMOM nyHKTe; 

• • • npOM3BOAHbie KOOpAMHaT 



k-ro HKA b reoMeHTpuHecKofl cucTeMe 
KOOpAMHaT; 

npOM3BOAHbie KOOpAMHaT 



X , Y , Z , 

p p p 



npuBRSbmaeMoro wnn onopHOro nyHKTOB b 
reoLjeHTpa/ibHofi CHdeivie koopa^hbt. 

B 3tom c/iynae bgktop AMctxpepeHunanbHoi^ 
KoppexMnn nono>KeHMfl ABM)KyiMe«cfl HAn 
45 onpeAenjieTCJi c yneTOM BbiMncneHHoro BeKTOpa 
comacHO cneAyfoiMeMy BbipaweHuio: 



ax<t ) = K tx <t )-X <t >!♦ 
1 c n i n i-1 



npn ycnoBMM Kc + K 1 . 

rAe X n (ti) CKOppeKTMpoBaHHbi^ no 

pa3HOCTHO-Aa/lbHOMepHblM M3MepeHHWM 

AMctxpepeHL^na/ibHbiM mbtoaom Beicropa 
55 nono)KeHHfl HA PI, ycTaHOBneHHofl Ha 
ABMKyiMeMCfl 06-bexre. 

Hcnonb30BaHne MHcpopMaunn o Beicrope n 
noaBOJiReT b npMHL|nne HMeTb HesaBMCMMyfo ot 
AanbHOMepHblX M3M6p6HMM oi^eHKy npnpaLA6HH« 
KOOpAMHaT BO BpeMfl ABUJKeHMfl o6^ekTa. 
COOTB6TCTByK)LMHe BBCOBbie KO3Cp0Ml^MeHTbl 

ncnonb30BaHu Ann o&beAMHeHUB 
AanbHOMepHblX h AonnepOBCKMX M3MepeHMfl. 
CooTHoweHue Kc m K onpeAdiineTCx 
cooTHotueHneM noTOMHocTM AanbHOMepHoro n 
CKOpocTHOro KaHa/iOB HAH. 

KpOMe Toro, TaK kbk anropnTM 
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HHTerpupoBaHMH n3MepeHVi« flonnepoBCKoro 
CflBura Hecymefi nocneAosaTeneH, to b 
3HaH6Hnnx nceBAOAaribHOCTn, nonyMeHHbix c 
noMoujbK) nHTerpana ot AonnepoBCKoro CABMra 
nacTOTbi Ha HananbHOM ynacTice BpeMeHM 

COA6p)KMTCfl OCTaTOMHblM* UjyM M3-3a 

HeAOCTaTOMHoro MMcna M3MepeHMft\ no kotopum 
cfcopMMpyeTCA cpeAHea 3HaweHne 
nceBAOfla^bHOCTn Ha mom6ht epeMeHH to- 

flo3TOMy ao Tex nop, noio no3Bonfl6T 
OAMHaKoaocTb ycnoBMfl (HanpMMep, ao Tex nop, 
notca He MSMeHMnocb paSonee co3Be3Ane wnn He 
n3MeHnnucb scfjeMepnAb' HKA) npon3BOAHTCH 
BbiMnoneHne 3HaMeHnPi MHTerpupoBaHHoro 
Aonnepa Ha TeKymHfl momoht BpeMeHu n 

OCp6AHRJOTC« 3HaH6HMfl nceBAOAa/lbHOCTVI, 

npuBeAeHHbie Ha HaManbHbiH" momoht BpeMeHu. 
npn ciweHe paooMero C03Be3AMfl Ha noABM)KHOM 
nyHiae mjim Ha oTanoHHOM nyHicre BHOBb 
Bbi6kipaeTCfl paoonee co3B63am6 He Menee, MeM 
H3 Tpex HKA vi HaMMHaeTCfl c£opMMpoBaHKe 
ill 

nceBAOAanbHOCTki Ha momcht to h caMoro 

M0M6HT8 to . 

A/iropnTM KOppeKi4MM AaHHbix 

AaribHOMepHux n3MepeHn^ no (paze C/A KOAa 
KHC GPS Navstar c noMowbio MHTerpupoaaHMfl 
M3MepeHnW AonnepoBCKoro CABMra nacTOTbi 
HecyiAen curHanoB HKA mmbbt cneAyounMM bha: 
\D&) ID^m) + (PV^tj) PVoCtj)) . (tj-ti.1), (12) 
dPRO K (tj) (PFWtj PRo(ti)) ID^ti), (13) 
6PROM (dPRO^) . (i-1) + 
dPRO^Wi. (14) 

rAe ID^), IDkC^) MHTerpan ot 
AonnepoBCKoro QABura nacTOTbi, 

COOTBeTCTByiOlUMfl CSeTHOMy 3HaMeHHK) 

pasHOCTn nceBAOAaxibHocTeA napbi HKA Ha 
t j n tj.1 MOMeHTbi BpeMeHu aha k-ro HKA; 

dPRO^tj) pa3HMi4a nceBAOAanbHOCTefl k-ro 
m BeAyiMero HKA Ha MOMeHT BpewieHM to, 
nonyMeHHan b pe3y/ibTaTe n3MepeHMfl b momcht 
ti; 

dPRO^tj), dPRO^Vi) ocpeAHeHHoe 

3H8H8HH8 dPRO^). 

nocne nero ocywecTBnfleTCfl pacseT 
pa3HOCTM nceBAOAanbHOCTefl, ^opMnpyeMux c 
yneTOM nponHTerpupoBaHHoro Aonnepa no 
nonyneHHofl oi^eHKe pa3HOCTefl 

nceBAOAaxibHocTeR Ha momcht BpeMeHu n 
3ano/iHeHHbiM 3HaseHMflM MHTerpwpoBaHHoro 
Aonnepa, t. e. peanM3yeTCfl cneAyiowee 
BbipaweHtie: 

<P* <i>-PB Ct >> s dPRO Ct >«XD <t >. <15> 
k i a i Ki k i 

K a 1,1,3 

npM HajiMMnn b none 3peHnn TonbKO Tpex 
HKA Bbicora He mowot 6biTb onpeAeneHa n b 
3Tmx cnywaflx ao ncwmneHMfl b none 3peHnq HAI1 
noA8M)KHoro nyHKTa neTBepToro HKA nn6o 
nojib3yioTcn 3H3MeHneM BbicoTbi ot b Hem Hero 

MCTOMHMKa HH0OpMai4HH (HanpuMep, npM 
ABMW6HMM no MOpK) MOJKHO CHUTaTb, MTO BbJCOTQ 

HaA ypoBHeM Mopn paBHa Hy/no), nn6o 
3anoMkiHai0T nocneAHee nonyneHHoe SHaneHkie 
BbicoTbi h Texyujee SHaneHkie BbicoTbi 
npMHkiMaioT paBHbiM aanoMHGHHOMy. 

no nonyMeHHWM pasHOCTAM 
nceaAOAaribHOCTeA Ha momoht BpeMeHM nyTeM 
peweHHP KnaccnM8CK0« Hasnrai^noHHO^ 3aAann 
(cm. HanpHMep, 1) onpeAe/ineTcn Ann KaxAoro 

M0M6HT3 BpeM6HM B8KT0p COCTOflHHfl 

noABM)KHoro o6"beKTa. 
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Ha (fear. 1 npeACTaaneHbi Ha nnocKOCTM x, y 
b cvicTeMe KoopAMHaT raycca-Kpwrepa 
pesynbTaTbi oaho« H3 cepn« HaBnrai^HOHHbix 
onpeAeneHnfl np^BflsuBaeMoro nyHicra ao m 
nocne npoBeAeHkin AMctx^epeHL^kianbHoR 
KOppeKiiMM. Ann HamHAHOCTn tomkm 4>MKcai^nn 
nojiOKeHMH Ha nnocKOCTM coeAHHeHbi 
OTpesKaMH nocneAoaaTeribHO no BpeMeHu mx 
nojiyM6HH«. 

Pesy/ibTaTbi c|)nnbTpaunvi 

CKOppeKTHpOBaHHblX KOOpAMHaT C yMBTOM 
3HaM6HHW HHCfOpMaL^MM o BeKTope V n comacHo 
(topMyne (II) nponnriKXTpupoBaHbi Ha $>hv. 2 b 

CDaBHeHUM C p63ynbTaTaMM KOOpAHHaT TOJlbKO 

no pa3HOCTAM nceBAOAaJibHOCTefl 6e3 
4>wibTpaunM. 

Ha $ur. 3 npMBeAeHbi pe3y/ibTaTbi 
KOppeKHMH KoopAMHaT, onpeAenweMbix no 
M3MepeHM5iM nceBAOAaxibHOCTM no $ase C/A 
KOAa HKC GPS Navslar c nOMOiAbio 
HHTerpupoBaHMfl MSMepeHufl AonnepoBCKoro 
CABMra MacTOTbt HecymeM CMmanoB HKA. 

PesyribTaTw c^MnbTpauMM 
cKoppeKTMpoBaHHbix KoopAMHaT, nonyHeHHbix 

npM (JXOpMMpOBaHMM pa3HOCTM 

nceaAOAa/ibHocTefl c noMou^bio 

MHTerpMposaHMfl M3MepeHM« AonnepOBCKMx 
nacTOT m c yneTOM npMBneMeHMW MH0opMai4MM o 
Bexrope cor/iacHO cfcopMyne 1 1 , npeACTaaneHbi 
Ha $Mr. 4, b cpaBHeHMM c pe3ynbTaTaMM 

KOppeKL^MM KOOpAMHaT TOnbKO no Da3HOCTflM 
KBa3MAanbHOCT6M 6e3 4>MnbTpauMM. 

npeACTaaneHMe 06 st^eKTMBHOCTM 
yica3aHHbix anropMTMOB KoppeKUMM KoopAMHaT 
npM AflM>KeHMM npMBJisbiBaeMoro o&beiaa 
(aBT0M06nnfl) co CKOpocTbto ne Bbtiue 30 km/hbc 
AaiOT 4>Mr. 5 m 6. Oo^Mti bma MapiupyTa 
ABM)KeHMfl OTpaxaeT cpur. 5, a pMC 6 
MnnKX3TpMpyeT a oonee MenKOM MacwTa6e oAHy 

M3 npOMeJKyTOHHblX TOHeK OCT3HOBKM Ha 3TOM 

MapiupyTe. npM stom pe3ynbTaTbi KoppeiqMM 
KoopAMHaT c Mcnonb30BaHM6M CMmana, 
nponopuMOHanbHoro AonnepoBCKOMy CABMry 
HacTOTu, nOKa3anbi Ha 0Mr. 6 b cpaBHeHMM c 
pe3ynbTaTaMM KoppeKi^MM KoopAMHaT TonbKO no 
pa3HOCTAM nceBAOAanbHOCTefl 6e3 
c^MnbTpai^MM, a Ha cpw, 5 b cpaBHeHMM c 
pesynbTaTSMM HecKoppeKTHposaHHbix 

H3MBDGHMM KOOpAMHST. 

Ann nposeAeHMA npeABapMTenbHoro 
TecTM poaa h m fi pe3ynbT3T0B npMMeneHMH 
AM$$epeHLiManbHbix anropMTMOB npM 
o6pa6oTKe MHcfxopMaL^MM CHMMaBMoft c HA n 
6bino npMMeHeHO nporpaMMHoe o6ecneM6HMe 
PFINDER 4)mpmu Trimble Navigation (Pfinder 
User Guide-Trimble Navigation Ltd 1993), 
no3Bonfltow.ee 06pa6aTbiBaTb aHanorvNHbte 
AaHHbie m ooecneHMBaioiAee TOMHOCTb (2d MRS) 
2-5 m. Pe3ynbTaT npMMeHeHMfl stom" nporpaMMbi 
npMaeASH $Mr. 7. 

KaMecTBeHHbifl cpaBHMTenbHbift aHanns 
pesynbTaTOB, npeACTaaneHHbix Ha tpw. 3, 4 m 
0Mr. 7, a TaioKe AaHHbie CTaTMCTMMecKOfl 
o6pa6oTKM, nonyneHHbie npM MOAenMpoBaHMM, 
no3BonflK)T CAenaTb bwboa o AOCTaTOMHOA 
CTeneHM gcPc^ktmbhoctm McnonbsyeMbix 
npocTefliiJMX anropMTMOB An00epQHi^nanbHofl 

06pa60TKM HaBMraU,MOHHblX AaHHbix, 

nonynaeMbix cneAyJomMMM MOAenpMM HAI1: 

TRANSPAK-11, ACUTIME, Sveesix. 
Mo>kho CAenaTb cneAyiowMe BbiBOAbi: 
MH0opMai^Mfl, nocTynatou^afl c HAD Trimble 

Navigation, ABnfleTCfl AOCTaTOHHofi Anfl 

peanM3ai^MM abvx ochobhwx m6toaob 

An4>4)epeHunanbHOM Koppeia^HM 
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HaenraunoHHbfx n3MepeHuii; 

ncnojibSoaaHkie MeTOAa noAflepxKH 
AanbHOMepHbix HSMepeHMfl no cpa3e C/A-KOAa c 

nOMOLUblO MHTerpMpOBaHMfl MH0OpMaLJMH o 

AormepOBCKOM cab n re MacTOTbi Hecymefl 
nosBonneT cHM3MTb norpeujHOCTb pe3ynbTaTos 
Anc$x£epeHL(wanbHofl oopaSoTKH ao 2 m n&xe 
6e3 ncnojib30BaHHfl cneijHa/ibHbix npoijeAyp 
cpn/ibTpai^nn. 

OopMyna H3o6peTeHMfl: 

1 . Cnoco6 onpeAe^eHUH Beiaopa coctohhmh 
o&bexra npn noMou^n HaBurai^HOHHbJX 
KOCMkiMecKMX annaparoB (HKA) KOCMUMecKofl 
HaBuraunoHHoW CMCTeMbi (KHC), 

3aK/iK>Maioinvtflcfl b vi3MepeHHH Ha 
onpeAeneHHOM o&beiae h 3T3jiohhom nyHiae c 
npMBA3K0fl ko BpeMeHu nceBAOAanbHocTefl h 
AoruiepoBCKoro CABura nacTOT no 
HaanrauMOHHbiM cyimanaM HKA, o6pa3yiomMM 
OAHy rpynny HKA-paoonee co3B63Ane b cocTaBe 
KHC, m onpeAejieHMM Ha STanoHHOM nyHiae 
nonpaBKn k HaBurai^noHHOMy napaMOTpy HKA, 
nepeAane nonyMGHHOi* nonpaBKw Ha 
onpeAenneMuR o6i>eKT m onpefleneHnn Beiaopa 
coctohhmji onpeAenaeMoro odbeiaa c yneTOM 
M3MepeHHbJx HaBkirauMOHHbix napaMeTpoB m 
nonpaBOK k hmm, oTnunaioinkiflcfl tom, mto Ann 

M3Mep6HMfl Bbl6MpaK3T C03B63AMe HKA C MMCnOM 

He M6H66 Tpex, Ha 3TanoHHOM nyHicre m 
onpeAe/iaeMOM ofrbeiae Bbi6upaK>T oahh 
HKA-BeAymnfl, 0opMnpyioT pa3HOCTn 
nceBAOAanbHOCTeti ao BeAymero HKA m 
KEDKAoro HKA paoonero co3Be3Anfl, <J>opMnpyK>T 
pa3HOCTM Aon/iepoBCKoro CABura MacTOTbi no 
BeAyiueMy HKA m Ka>KAOMy HKA paooMero 
C03Be3AHfl, cfeopMHpyiOT Da3H0CTb 

nceaAOAa/ibHOCTeA Ha HaHa/ibHbifl MOMeHT 
to no TeKymuM 3Ha*4eHHWM pasHOc™ 
nceaAOAanbHOCTefl m TeKymHM 3HaHeHMflM 
pa3HocTM AonnepoBCKoro CABura MacTOTbi KaK 
pa3HOCTH TeKyiuMX 3HaH6HM« pasHOCTeR 
nceaAOAanbHOCTeW h HHTerpana ot pa3H0CTefl 
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AonnepoBCKoro CABura nacTOTU, npn stom 
t 0 onpeAenweTCfl no ciweHe 003Be3An», a 
TeKyt^ee 3HaneHue Beiaopa cocTO^Hkm 
onpeAenfleMoro o6"beiaa $opMMpyioT c yneTOM 
ocpeAHeHHbtx sHaneHnfl pa3Hoc™ 
nceBAOAa/ibHOCTeR, c^opMnpoBaHHbix rax 
cyMMa ocpeAHeHHbix sHaneHMfl pasHocTeA 
nceBAOAanbHOCTeW Ha momoht to m HHTerpana 
ot pasHOCTH AonnepoBCKoro CABura MacTOTbi Ha 
HHTepsane ot HanajibHoro MOMeHTa BpeMOHvi 
to AO MOMeHTa, Ha KOTopuH onpeAenneTcn 
Beiaop coctohhmh, npn H3MeH6HHH pa6osero 
C03B63AVIR HKA onepauHH (fcopMupoBaHua 
Texyu^ero 3HaM6Hum Beiaopa coctorhha 

nOBTOpfllOT. 

2. Cnooo6 no n.1, onikNaioinMflcfl tom, hto 
npw Ha/iMHMH e paooneM co3Be3flnn Tpex HKA 
3anoMMHaiOT nocneAnee 3HaHeHne BucoTbi, 
nonyneHHoe Ha onpeAenaeMOM o6-beiae nyTeM 
peujeHMA HaBuraunoHHo^ saAaMM npn HannMHn 
C03Be3Ann. cocTOfli^ero H3 neTbipex m 6onee 
HKA, m ncnonb3yioT 3anoMH6HHoe 3HaneHne 
BbicOTbi npw peujeHMM HaBHrai^noHHofl saAaMH 
coBMecTHO c 3H3MeHHJ?MH napaMeTpoB, 
nonyneHHbix Ha ochobg Texyuivix 
HaBuraunoHHbix M3MepeHHfl Ann onpeAeneHHR 

BGKTOpa COCTOflHUP. 

3. Cnoco6 no n.1, OTnunaiomMto tom, mto 

npH HaJlHHHH B paDOMBM C03B63AVIM TD6X HKA, 

ncnonb3yeTCfl 3HaneHMe BbicoTtJ, nony^aeMoe 

OT BHeiLIHerO HCTOHHHKa MH4>0pMaUHH npn 

peiueHnn HaBHrai^HOHHofl 3aAaHH cobmgctho c 
SHaneHHnMH napaMeTpoB, nonyneHHbix Ha 
ocHOBe Texyu^HX HaBHrai^HOHHUX M3MepeHHfl 
Ann onpeAeneHMfl Beiaopa cocronHHJi. 

4. Cnoco6 no n. 2, OTnnMaK>mnflcfl TeM, hto 
npki noHBneHHH b paooneM cosBesAMn 
MGTeepToro HKA nonyneHHbifl Ha npeAbiAyiMeM 
n3M6p6Hnn Beiaop cocTOflHHfl onpeAenfieMoro 
o6"bexTa yTOMHaeTCH c yneTOM peiueHUfl 
HaBuramiOHHOft 3aAann no MHcJxspMai^nn ot He 
MeHee neM neTbipex HKA. 
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